We describe a rapid and simple procedure for the simultaneous quantitation of endogenous 13-cis-retinoic acid, all-trans-retinoic acid, and retinal by isocratic normalphase HPLC with ultraviolet detection, in 0.5 mL of human plasma. A silica adsorption column was eluted with n-hexane:2-propanol:acetic acid (200:0.7:0.135 by vol) at 0.9 mL/min, and the effluent monitored at 350 nm. The arotinoid ethylsuttonic acid Ro 15-1570 was used as the internal standard. High sensitivity, allowing quantitation of physiological concentrations, was achieved, particularly for the retinoic acid isomers. The detection limitswere 0.5 1g/L in plasma for both 13-cis-and trans-retinoic acid, and 10 g/L for retinal. The CVs for between-day determinations of the lowest quality-controlconcentration (n = 12) were 4.8% for 13-c!s-retinoic acid, 3.4% for transretinoic acid, and 3.0% for retinol. The mean (± SD) concentrations of 13-cis-retinoic acid (1.79 ± 0.56 g/L), trans-retinoic acid (1.35 ± 0.42 g/L), and retinol (533 ± 58 g/L) measured in plasma from 22 healthy volunteers agreed well with those previously reported. The 13- 
ner.
Although the simultaneous measurement of these three interrelated endogenous retinoids is relevant, no method exists to do this on a routine basis. In a recent study (1), two separate HPLC analyses were used, one for the retinoic acid isomers and one for retinol. The existing methods either assess retinol and retinoic acid without isomer differentiation (2,3), or determine only the retinoic acid isomers and not retinol (4) (5) (6) (7) (8) 
Extraction Procedure
After thawing the samples, we added 1 mL of an ethanolic solution of the internal standard to 0.5-mL sample aliquots. Protein was denatured by vortex-mixing for 30s. After addition of 5.0 mL of water and 7.5 mL of n-hexane, the solution was acidified with 0.3 mL of 2 mol/L HC1. This mixture was extracted for 10 mm on a rotating mixer. After centrifugation (8 mm, 1250g), we transferred the organic layer and evaporated it at room temperature under a nitrogen stream. We redissolved the residue in 100 jzL of the chromatographic solvent and injected a 50-L aliquot.
Chromatographic Conditions
The analytical 
Results

Extraction Conditions
Originally, 
Mobile-PhaseOptimizationand Internal Standards
For the identification of plasma retinoids, we used co-chromatography with authentic standards in different chromatographic conditions.
The first mixture tested as mobile phase consisted of n-hexane and acetic acid (200:0.3 by vol). Both retinoic acid isomers were eluted within 10 mm and were well resolved, but retinol was eluted with an unacceptable peak shape and retention time (tr ± 35 mm, k' = 14.9). By adding 5 mL/L 2-propanol to this initial mixture, the retention time of the late-eluting retinol decreased to 17 mm (k' = 6.7). The retention behavior of the retinoic acid isomers was also affected, but only in a minor way. After optixnization we found that a minimum 2-propanol content of 2.5 mL/L is required for retinol peak symmetry, and that quantities >6 mLIL result in a too-low k' value (<2) for
13-cis-retinoic
acid. The fine-tuning of the mobile phase composition depended on the choice of the internal standard.
Most candidate internal standard compounds
were rejected because of interfering plasma components (Fig. 1A) . 13-Demethyl-retinoic acid, 13-cis-acitretin, trans-acitretin, 13- (Fig.  2) , it was chosen because it elutes between retinoic acid and retinol in an interference-free part of the chromato- 
Method Validation
Linearity. Calibration graphs were linear for all three compounds up to at least 1050 gfL plasma (added concentration).
The calculated residuals never exceeded 10%. Off-scale peaks were measured correctly by means of an integrator.
Precision. Mean endogenous and quality-control concentrations, together with the corresponding within-day and between-day precision, are given in Table 1 . Endogenous retinoic acid concentrations approached the sensitivity threshold, but the total CV remained well below 15%.
Accuracy. The accuracy of our method was evaluated with the results of the three quality-control concentrations analyzed in each run. These calculated concentrations must not differ by >15% from the given value at the medium and high concentrations, and 20% at the low concentration. If the calculated difference exceeds the preset percentage, the total run is discarded. C-RA, 13-cis-retinoic acid; t-RA, trans-retlnoicacid; AOL retinol.
Sensitivity.
High sensitivity was achieved, particularly for the retinoic acid isomers. Retinoic acid absorbs maximally at -350 nm, the selected detection wavelength. Although retinol absorbs better at about 325 nm, it stifi absorbs sufficiently at 350 nm, because the endogenous concentrations are -150-fold higher than those of retinoic acid. The detection limits are 0.5 gfL plasma for both 13-cis-and trans-retinoic acid, and 10 p.gfL for retinol. Still higher sensitivity could be achieved by using larger sample volumes, 
